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IMPACT OF PETROLEUM ACTIVITIES ON ARCTIG ECOLOGY 


- R.A. Hemstock 


/ 


The promise of petroleum development gives hope for 
great changes in the arctic. It is the responsibility of each 
of us connected with that devclopment to see that the changes 
are for the betterment of mankind generally, and particularly 
for those who are indigenous to the North. In this paper an 
attempt wiil be made to evaluate the effect of petroleum develop- 
ment -- exploration, production, and transportation -- on arctic 
ecology. Ecology is defined as that Bitateh of biology dealing BH 
with mutual relations among organisms and between them and their ‘ 
environment. 


A polar projection (Fig. 1) shows the current areas of 
petroleum interest being the Canadian Arctic Islands and Western 


Arctic, the north slope of Alaska, and the northern-part of 
Western Siberia. The arctic has no rigid definition; it has 

been correlated with permafrost, the tree line, an isotherm, or 
some other environmental marker. The following discussion deals 
primarily with those-areas in Canada north of the arctic circle, 
making use by extrapolation of some of the oil industry experience 
in the sub arctic. 


It is*important to first try to-assess the potential 
extent of petroleum resources in the arctic. J.C. Underhill, at 
the Arctic Symposium in Montreal in March of this year, estimated 
the potential reserves of the Canadian erctic at 50 - 100 billion 
barrels of oil and 300 - 500 trillion ctbic fcet of gas. Most of 
the potential acreage is now held in reservation or lease and, 
according to the latest figures, this amounts to about 628,000 
Square miles. About three-quarters of this, or /'70,000 square a 
miles, is on land and the rest: lies offshore in arctic waters. ea 
The proportions of land and water acreage are reversed in Alaska 
where the prospective acreage ies predcminantly offshore. 


These are large volumes of hycrocarbons, yet on the 
vast areas of land, oil and gas will be found on a relatively small 
percentage of the total. area. Those of you familiar with the close 
Spacing ari low productivity of many of the older fields in the 
world will realize that arctic economics will simply not allow this 
kind of development. It is reasonable to expect that this volume 
of petroleun reserves could be produced by drilling about 6,000 - 
12,000 development wells. 
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It may be helpful to briefly review the exploration 
and development processes that will lead to vnlocking the 
etroleum potential in the arctic. In general, the oil industry 
progresses, over a period of time, from operations which have 
little effect to those which have more and more effect on the 
ecology. 


Geological reconnaissance is usvally the first 
exploratory venture. It will be very effective in the Arctic 
Islands where there is little surficial cover and bedrock is 
widely exposed. On the Canadian and Alaska arctic mainland it 
Will be restricted to outcrop areas. Most of the work will be 
done by helicopter or light aircraft and there will be no 
appreciable effect on arctic ecology. 

Geophysical reconnaissance and detail follows. This 
involves moving men end equipment first on widely spaced lincs 
and later at closer_intervals to detail the most prospective 
areas, This ‘*k ney be done by helicopter although this has_ 
proven to he very expsnsivg. Tests are also wider wey this 
sumer using air cushion vehicles. It is more common, however 
to use either trucks, tractors and sleighs or low ground pressure 
tracked venicles in winter, with the tracked vehicles being most 
economic and now in general use. Some of the geophysical. work 
in the past has been done without due regard to the environment 
and hes resulted in disturbence or destruction of the organic 7 
cover resulting in subsidence in those areas where soil ice ) 
content is high. it is now the practice to work im winter on 
the snow cover with low ground pressure tracked vehicles and, 
where reasonable care is used, there is a minimum of surface 
ldamage and no thermal]. erosion follows. Sweier operations expose 
tundra to track scuffing and cutting and, unless great care is 
used, there is generally some damage to the surface although 
usually not enough to cause serious damege, Since esoromics 
‘avour year-round operation, industry is interested in improving 
the capability to work in sumer. There are two obvious 
approaches. One is to develop vehicles which do not damage the 
surface. This may be by modification 0” present tracked 
vehicles with a less aggressive track, or possibly by co:iversion 
to aircraft or air supported vehicles. A second possibility is 
the use of sone type of cover which will prevent the scuffed 
surface from melting and, at the same tims, encourage natura. 
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growth and stabilization. 


Damage to tundra terrain is not the only concern in 
conducting summer operations in some parts of the arctic. For 
instance, a good portion of the Mackenzie Delta area is a 
prime breeding ground for migratory waterfowl and must be 
protected from large scale human intrusion during the nesting 
period. 


Geophysical exploration is followed by exploratory 
or "wildcat" drilling. Unfortunately the odds do not favour 
discovery of oil at SXSES wildcat or even at one out of every fi 
ten wildcats. Thus exploratory drilling is generally a "one ee ee 
shot" effort and trans ortation costs _be miniaized as must Birdy 
the cost of site preparation. Rigs and abe equipment are 
founded on piles or on thick fills with supplies and working 
Space on thinner fill. Unless there is trouble in drilling, a 
Site of 3 - 4 acres is usually sufficient. Most Soa Wrcainany 
drilling has been done in winter because of easier transporta- 
tion end better site conditions. Many of the earlier winter 
roads were prepared by bulldozing off srow and much of the mos 
and travelling on the permafrost surface. The following sub- 
Sidence ani erosion has left obvious scars on the arctic. . It 
has been found quite practical, however, to travel on a snow and 
ice read built on the undisturbed surface. Costs are quite 
reasonable and there is little or no darage to the tundra. 
Since the arctic is an arid region, the snow cover may be light 
and late arriving, which can delay start of winter operations. 
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Development installations are more permanent and are: 
roads to each location can usuall ifie In very bce! 
difficult terrain the general practice is to drill one vertical 
and several slant holes fron a single lecation. This approach 
will likely be taken in many areas of the arctic since there is 
a large saving in surface facilities. It is understood that 
present plans call for the development of Prudhoe Bay in this 
manner. Provided suitable fill materials are available, there 
will be no difficulty in building stable roads and wellsites: 
The most readily available fill material will be found in thawed 
river or lake beds. Large quantities of material removed from Le - 
these sources could disturb the existing ecological system and (i 
this should be a matter of careful study as work progresses. 
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Production facilities in the arctic will be highly 
automated and, in fact, computer production control will likely 
pay off. Every effort will be made to minimize the surface 
facilities, in particular oil storage. The wells will be 
connected as directly and simply as possible to the pipe Jine 

shipping terminal. One of the problems wil]. be how to handle 
the hot oii from the wells. Such pipe lines cannot be ditched 
into the permafrost because of the resulting instability due to 
thawing, and it is likely that most flowlines will. be insulated 
and laid on the surface or carried by piles. 


I 
i 


Terminal storage, although minimized, will still re- 
guire some large tankage. Where this is founded by necessity 
on icy permafrost, very well Bay foundations will be 
required since the oil]. produced at high rates will bring with 
it great quantities of heat. uch tanks must be essentially 
isolated from the permafrost. Since there is some freedom in 
location of terminals, it may be possible to locate most oil 
storage on gravel or bedrock that will not be affected by thawing. 


Main trunk pipe lines will also be carrying quantities 
of heat in the oil and will have to be isolated from icy psrma- 
frost. MtIhey may be safely buried in low ice content gravels or 
ge or bedrock. “The Russian practice is to lay lines on piles 

r supports across permafrost and, althcugh this practice has s 
Pie Ween fesiricued Lo gas lines, it is likely that it will be 
required for hot oil lines 


The construction of major trunk Lines in the arctic will 
reguire the most resourceful engineering approaches. Only the 
darger lines will bo economic and this, will require the heaviest 
pips handling equipnerit available today, plus the hauling of 
hundreds of tons of pips and equipment elong the right-of-way. 
it, mav_be possible to protect the tundra with granular fill. and 
by working only in the appropriate ssascns; however, the logistics 
problems aad work scheduling will be a chall@nge to arctic planners. 
It is recognized by pipeliners that only a stable environment will 
Support a large pipe line, and studies irc proceeding to this end. 


These are, then, the wet of oil development in the 
arctic. Support will -be- provided by roads, airfields, camps and 
towns. Perhaps one of the most disturbing factors will be the 
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increase of pope either permanent or transient, in 

remote areas in order to accomplish the scale of developnent 
contemplated. This a0. put pressure on recreational arees e 
and such renewabl ources as fishing and hunting. At the 

Same time, however, there will be provided a challenge and an 
opportunity for improvement to the arctic's most velvable 


resource -~ the people. 
pe ceanstes 
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In summary, the 470,000 square miles of poterbial 
oil lands in the Canadian arctic wil). require for developnent: 


(a) Extensive geological reconneissance. 


(b) Reconnaissance and detailed geophysical surveys for a 
total of 150,000 miles. 


(ce) Drilling of 700 - 1,/,00 exploratory end 6,000 ~— 12,000 
developnent wells for petroleum. 


(a) Construction of 4,000 miles of access road and 4,000 mile 
of trunk road be sed on Northern Canada experience of one 
mile of road per well. 


(e) Constriction of 8,000 miles of gathering pipe lines and 
many miles of large trunk lines to market or to marine 
termine 1s. 


(f£) Construction of camps, towns, airfields, and support 
facilities for an additional population of 10,000 oil 
rorkers. 


To provide for this effort in arctic Caneda the total 
area directly involved in petroleum development. will be 13,50C 
square miles or approximately 3% of the potential oil. lends. 
Similar percentages may be expected in other: parts of the arctic. 
Thus the effect on the total environment should be small; 
however in development arcas there will b. an impact and the 
long term effects must be = understood. 


AL ocd. 


It is generally believed that the ecology of the 
arctic is in a very delicate balence and that the life of plants 
and animals is in a precarious position when even slight changes 
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occur. This is of particular concern to the petroleum industry 
Since even slight changes in the environment might trigger a 
chain reaction. The best safeguards will be provided by basic 
studies of the ecology including careful documentation of past 
experience. 


One Canadien example can be cited -~- the development 
of the Norman Wells He in 1943-45. This was a wartime 
venture ani wells were drilled, pipe lines and roads built, and 
large areas stripped for storage without any greet regard Tor 
the effect on the envirorment. Tor the first few years there 
was an excess of water as the permsfrost receded. However, 
there was very little erosion due to the thick organic cover and 
a new set of stable conditions soon cmerged. Permafrost in this 
area recedes seasonally to a depth of 1&" in undisturbed areas 
and to 8 to 10* depth in disturbed areas. Frozen soils in the 
top 20f average about 40% ice. There is now little evidence in 
the field of environmental change, flow)ine ripghts-~of--vay, 
wellsites ani seismic lines have grown back with secondary 
cover. 
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Such a rapid return to §& a es conditions will Likely 
occur in most of the taiga areas; it max not occur so rapid 
tundra _ areas where there is less \ voretaiion and higher ice ¢ con 
tent in the soil. Unfortunately there .s little precedent here 
althoush a review of the DEW line sites atone yield helpful 
inforination. 
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Research on these problems is under way at_many oc 
using many different anproaches. Probably the most basic of the 


;) work is ainsd et uaderstanding the heat balance SoBe Seed with 


man-msce structures on or in permafrost = doin finding methods 
te prevent the deterioration of permafrost. In thehigh arctic 
the pass sive method of construction will likely be favoured ~- 


that is, the maintenance of permafrost end its use as a foundation 


material. Isolation of structures from permafrost by piles is 
old and is well known. ‘It has been usec, for exemple, in the 
founding cl large Russian cities on percafrost. No new problems 
are anticipated by the pstroleum industry except perhaps in the 
sheer size of sone of the structures needed, 


Roads, airfields, and other £111 structures on permafro 
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do not present any new problems. The important factor is simply 
the retention of permafrost in its origina] frozen state. The 
heat balance problems. are fairly well understood and there 
Should be little effect on arctic environment. 


Work directly on the tundra is not so well. knoim or 
understood. The disastrous results caused by stripping moss 
cover by men and eavipnent or perhaps by fire (Fig. 2) are now 
being documented. It is perhaps worth noting that in the decade 
1956-65 an estimated 0990 acres were destroyed by fire 
amnvally in i Northern | Coneda. About 60% of the damage was caused 
by naturally 3 ignited fires over all of Canada, and about 60% in 
the northern areas. Demage by men and me at occurs chiefly 
where the underlying material is icy permafrost. Research is 
presently going on in Canada to determine if it is possible to 
classify the ice content of soils by oF ite Reheat ite: 


pretation. This is an extension of the work that hes bsen suc- 


oat. 


cessful in miskeg interpretation. There are other useful 
approaches which are-being examined. These include: 


(a) Design of vehicles which can travel over tundra without 
damaging il; ¢.g., air cushion vehicles, soft large tires, 


fiat smooth tracks. 


(ob) Isolate the vehicle fron the ground by mats of plastic or 
steel. This has been tried but so far is quite costly. 

(c) Develop methods which promote ra 
damaged surface. Test plots wer 
Inuvik and Tuktoyektuk featuring re: 
insuleLion and fast growing grasses: 
couraging. 
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The production of oi]. contributes Li tiLe to 
earth contamination; products are piped, se ad i 
in closed vessels and arrive at markets with a minimum of hanil- 
ing. While it hes beén pointed out that relatively small arcas 
Sea bi er 6ctiy Meee by OEE Spine Ludustr fe “ ge pe 
es 


tame. on ties enviroment Md part of ane trend of bending the 
environment to man*s use. However, the finding of petrol.cwm 
will lead to lower cost cnergy, making it easier for_man rear 
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Jive in the arctic and possibly enable him to improve the bret a 
renewable resources. of the area.. \ | 


In North America the petroleum industry has, by its 
own initiative, and by goverrmment reguletion, sct a high level 
of standards for field operations. These standards will be 
maintained in the arctic and knov-hoy will be. developed to 
safely operate in this new and severe environment. 


In conclusion, one cannot but agree with Dr. 
McTagrart Cowan when he says, "In the northern lands knowledge 
of the appropriate ecological facts is indispensable if we are 
quickly to recognize the alternative opportunities for resource 
development. and the constraints within which we must conduct 
our activities. Here, even more than farther south, man will 
continue to live in the closest contact with the natural 
environment. His success will depend as much upon the sophisti- 
cation of his ecological knowledge as upon his technical com 
petence to respond." 
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FIGURE 1 


Polar Projection Showing Active Exploration Areas 
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é FIGURE 2 


Ice Mounds Denuded by Forest Fire near Inuvik 
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